Introduction

39
Exploitation of many oil reserves requires the use of water for production and processing. For 40 instance, increasing exploitation of the vast reserves of bitumen contained in oil sands deposits in 41 northeastern Alberta, Canada, has led to the generation of large volumes of oil sands process-affected 42 water (OSPW) which are not discharged back into the natural aquatic system due to the lack of 43 knowledge about the effects this could have on the environment 1 .
144
Data analyses
145
Data from GC×GC-MS were processed using ProtoTOF software to .cdf files and analysed using GC- and Industry B (Fig. 3) . The NE samples, though belonging to the cluster of Industry B samples, were 180 nonetheless distinct from the other samples in cluster B.
181
Fractional Abundances (f Cn)
182
The extracted ion currents for the molecular ions for the C11-C17 tricyclic monoacids were used to 183 calculate the f Cn according to Eq. 1 ( Table 2 ). The highest ratios observed were for f C14 (0.2809 for Table 2 ). The pond-scale spatially-separated samples from Industry B showed a greater range than the 188 short-term (2 week) temporally-separated samples from Industry A (Fig. 4) . While f C11, f C12 and f
189
C13 were higher for Industry B, f C14, f C15, f C16 and f C17 were higher for Industry A (Fig. 4) . In a
190
PCA conducted on the 7 f Cn, it was revealed that two components explained > 88 % of the variance.
191
In fact, the two ponds could be clearly distinguished on only PC1 (77% of total variance, Fig. 5a ),
192
with the NE sample plotting lower on PC1 than the other Industry B samples. This variation of PC1 
206
The simple presence / absence of the known adamantane acids and diacids in the OSPW samples 207 (Table 1) suggested differences between the samples from Industry A and those from Industry B.
208
Indeed, a cluster analysis based on the occurrence of these acids showed separation of the samples 209 according to the corresponding industry pond source (Fig. 3) . These results strongly suggest that the 210 presence/absence of known NA can help to distinguish OSPW from different industrial sources. The 211 present study appears to be the first to achieve this differentiation and to establish target compounds 212 that could be used to characterize sources of OSPW.
213
However, as the simple presence of some of the known adamantane acids could be due to detection 214 limits of the GCxGC-MS method and a bias could arise from the high number of isomers with very 215 similar mass spectra and retention times, a second approach to characterisation of the differences 216 between OSPW samples was also attempted, using the distributions of both known and less rigorously (Fig. 2a) , we used this tiling effect and integrated the extracted ion current (EIC) response of 222 the M + of monoacids of the corresponding tiles in order to avoid interference from fragments of 223 compounds with higher carbon numbers. We thus calculated the f Cn as specified in Equ. 1.
224
The f Cn of the OSPW of the two industries increased from n=11 to n=14 and decreased from n=14 to 225 n=17 (Fig. 4) . This was not unexpected, as the number of isomers increases with n, but at higher 226 molecular weights the solubility in water likely decreases. Interestingly, differences in sampling 227 location (Industry B) seem to cause more variation than sampling at the same location on different thus the careful selection of locations for repeated sampling, needs to be taken into account.
237
However, even though the intra-variability of OSPW from the Industry B pond was large, a 238 significant difference was also noticed between the acids in the two ponds: the f Cn of n=11-13 acids 239 was lower in OSPW of Industry A than in those of Industry B. This situation was reversed for n=15-240 17 acids (Table 2 , 95% confidence, P<0.0001). In other words, samples from Industry A contained 241 relatively more tricyclic acids with higher molecular weights. The sample from the NE location of
242
Industry B was most different from those of Industry A. In order to confirm these differences, a 243 principal component analysis on the f Cn was conducted (Fig. 5) . The scores plot (Fig. 5a) showed that 244 the differences were observed on PC1, and the loadings plot (Fig. 5b ) that f C11,12,13 and f C15,16,17 245 plotted on PC1, whereas the TIC and f C14 plotted high on PC2. This also showed that the TIC (i.e.
246
reflecting the concentration injected) was not responsible for these differences, so long as it was
247
within the linearity range of the instrument. In order to further test that, linear and Pearson correlation 248 coefficients were calculated, showing that correlation between TIC and the f Cn was low (Table 3,   249 0.14 ˗ 0.40 and 0.40 ˗ 0.65); hence the TIC response was thus most probably not causing these 250 differences.
251
There are several possible reasons for the differences in OSPW composition of industries A and B. evaporation might indeed influence the distributions, so care is needed in order to avoid this.
262
Intentionally prolonged evaporation of an aliquot of esterified NA from an OSPW from Industry A
263
(sample D0) confirmed this effect (Fig. 6 ). However, this was unlikely to have caused the differences 264 in the other samples examined herein, as these were evaporated to just dryness with care and all 265 samples were handled identically. Future studies might usefully employ controlled evaporation by
266
Kuderna-Danish apparatus to obviate this possibility.
267
In order to investigate possible environmental causes for the differences in f C11,12,13 and f C15,16,17 ,
268
we therefore examined an OSPW sample from a greatly aged pond (>20 y storage) and again 269 determined the fractional abundances of tricyclic acids. This "aged" source was from a test pond that presumably resulting in further biotransformation of the NA (Fig. 5 ).
274
13
The results from this study suggest the introduction of Table 1 . Presence (+) and absence (-) of diagnostic compounds (see Fig. 2 ) as determined by GC×GC-MS in samples from Industry A and B.
Industry Sample
Compounds (see Fig. 2 
